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(54) Selecting a system in multi-system environment by monitoring search codes 


(57) First search codes tor a puWc system are 
made common in the TDD and FDD systems. A nrobile 
station decides on the connection or switching to either 
system by measuring received levels of t>oth first search 
codes in the FDD and TDD systems. In private systems, 
a different frst search code is used for each system. 
Accordingly, the f rst search codes are made known in a 
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terminal supporting also private modes. Between the 
private and public systems, a mobile station decides on 
the connection or switching to either system by measur- 
ing received levels of tx>th first search codes in the pri- 
vate and public systems. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 1 The present invention relates to a communi- 
cation terminal apparatus and a radio communication 
method used in a digital radio communication system. 

Description of the Related Art 


[00021 As a multiple access system for use in the 
next generation mobile communication systems, a 
CDMA (Code Division Multple Access) system is devel- 
oped. In this multiple access system, duplex systems 
such as a FDD (Frequency Division Duple)0 system and 
a TDD (Time Division Duplex) system are employed. In 
the FDD system, communications are performed using 
different frequency bands for transmission and recep- 
tion. In the TDD system which Is the transmis- 
sion/reception same band system and also called Ping- 
Pone system, communications are performed using 
time slots for transmission and reception with the same 
radio frequency used. 

[0003] Recently, in the CDMA system, the systems 
using the FDD system and the TDD system are studied 
and developed, and the standardization works therefor 
have been proceeded. Therefore, even in communica- 
tion terminals, it is expected that common devices (dual 
mode terminal) capable of using the FDD system and 
the TDD system will be developed in the future Such 
common devices will have a function for enabling the 
independent connection to each system. 
[0004] On the other hand, in the radio communica- 
tion system, there are a so-called public system in 
which a specific operator company provides services to 
unspecified users, and a private system in which a per- 
son or a firm provides services to specific users, for 
example, staffs in the firm. 
[0005] However, in the common devices capable of 
using the FDD and TDD systems in the CDMA system 
(hereinafter, respectively refened to as CDM Afl=DD sys- 
tem and CDMA/TDD system), such devices only have 
the function for enabling the independent connection to 
each system, and do not have a function for selecting a 
system corresponding to communication conditions and 
propagation environments to switch. In addition, it is not 
performed either in the public system and private sys- 
tem to select a system corresponding to communication 
conditions and propagation environments to switch, 
[00061 As described above, although various differ- 
ent systems, for example, the FDD and TDD systems, 
and the piiblic and private systems, are used, it has not 
been performed currently to select a system corre- 
sponding to communication conditions and propagation 
environments to switch between different systems, and 
specific solutions therefor have not been proposed 


either. 

SUMMARY OF THE INVENTION 

5 [00071 An object of the present invention is to a 
communication terminal apparatus and a radio commu- 
nication method each capable of selecting a system 
corresponding to communication conditions and propa- 
gation environments to switch between different sys- 

10 tems. 

[00081 The inventor of the present invention pard 
attention to masked symbols used in a cell search per- 
formed, for example, in an initial synchronization acqui- 
sition operation when a mobile station is turned on, and 
IS in a cell switching accompanied by a moving of the 
mobile station (hand-over), found out that when tiie 
masked symbol structure is common to each system, it 
is possible to select a system corresponding to commu- 
nication conditions and propagation environments to 
so switch between different systems, and achieved the 
present invention. 

[0009] In the FDD system, studied is the masked 
symbol structure as shown in "Fast Cell Search Algo- 
rithm using Long Code Masking in DS-CDMA Asyn- 
25 chronous Cellular System" by K.Higuchi, M.Sawahashi " 
and FAdachi (lEICE RCS96-122. 1997-01). Furtiier m 
the TDD system, the introduction of almost the same 
masked symbol structure is studied, as shown in "WkJe- 
band CDMA system in TDD-mode Operation for IMT- 
30 2000" by KMiya, O.Kato et al. (lEiCE Trans. Commun.. 
VoI.ESl-B, Na7. July 1998). 

[00101 The gist of the present invention is. in differ- 
ent systems (publicy|f>rivate systems in tie i^DD system 
and those in ttie TDD system) having a symbol spread 
35 only witti a short code (masked symbol) in the downlink 
control channel (CCH). to achieve the selection and 
switching (hand-over) of a system to connect at the time 
power is supplied, and thereafter al the time for calling 
or waiting, while performing the fast cell search, using 
40 such a masked synrtool. 


BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above and other objects and features of 
45 the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection wrth the accompanying drawing wherein one 
exanple is illustrated by way of example, in which; 

FIG.1 A is a diagram illustrating a slot structure in a 
CDMA/FDD system; 

FIG.1 B is a diagram illustrating a slot structure in a 
CDMA/TDD system: 

FIG.2A is a diagram illustrating a frame structure m 
the CDMA/FDD system; * 

FIG.2B is a diagram illustrating a frame structure in 
tine CDMAn"DD (public) system; 
FIG.2C is a diagram illustrating a frame structure in 
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the CDMA/TDD (private) system; 

FIG.3 is a diagram illustrating frequency bands in 

the CDMA/FDD and CDMA^D systems; 

FIG.4 is a block diagram illustrating a configuration 

of a communication terminal apparatus according s 

to a first embodiment of the present invention; 

FIG.5 is a block diagram illustrating a configuration 

of a base station apparatus for performing a radio 

communication with the communication terminal 

apparatus according to the first embodiment of the 10 

present invention; 

FIG.6 is a block diagram illustrating a detailed struc- 
ture of a spreading circuit In tiie base station appa- 
ratus illustrated in F1G.5; 

FIG.7A to FIG.7C are diagrams each illustrating a is 
relationship between systems, base stations and 
the communication terminal apparatus(es) in a 
radio communication system using the communica- 
tion terminal apparatus of the present invention; 
arKi 20 
FIG.8 is a diagram to explain timings for a system 
connection and harKi-over in the communication 
terminal apparatus of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 25 
EMBODIMENTS 

[0012] Emtxxfiments of the present invention are 
explained specifically below with reference to attached 
drawings. 30 

(Rrst embodiment) 

[0013] A communication terminal apparatus 
according to this embodiment is to achieve tiie selection 35 
and switching (hand-over) of a system between different 
systems in which a structure of masked symbol used in 
a cell-search is common to all systems. 
[0014] This emtxxjiment explains about tiie systm 
selection and system switching between different sys- 40 
terns which are the FDD and TDD systems in the CDMA 
system. 

[0015] In the FDD system in the CDMA system, a 
symix)! structure in a slot in the downlink control chan- 
nel is as illustrated in FIG.1 A. In other words, in the slot 45 
first search code (FSC) 103 Is inserted before data 
(Data) 101. and pilot symtx)! (PL) 102 that is a known 
signal is inserted after data 101 . In the CDMA/FDD sys- 
tem, communications are performed using a frame 
structure, as illustrated in FIG.2A, composed of slots so 
each with the structure as descnlDed alDOve (in this case, 
a unit frame (for example, a single frame) has 16 slots). 
[001 6] On the other hand, in the TDD system in the 
CDMA system, a symbol structure in a slot in the control 
channel is as illustrated in FIG. IB. In other words, in the ss 
slot, pilot symtx>l (PL) 1 02 that is the known symbol and 
first search code (FSC) 103 are inserted before data 
(Data) 101 . and guard intend (G) 104 is provkjed at the 


end of data 101 . H is assumed that in the CDMA/TDD 
system, communications are performed using a frame 
structure, as illustrated in FIG.2B. composed of slots 
each with the structure as described above (1 st and 9th 
slots for the downlink (DL) control channel, each fol-^ 
lowed by 3 slots for uplink (UL) traffic channel arid 4^,i 
slots for the downlink traffic channel. In addition, the 
structure of the traffic channel is different from FIG.2B 
and does not have a masked synrtool. , 
[0017] The used frequency t>ands are different 
between tiie FDD system and TDD system, as illus- 
trated in FIG.3 (fl-'f2 for the FDD. and f3-f4 for the 
TDD, in FIG.3). however the symbol structure with,the :u 
masked symtx>l (first search code) is common to botti^^ 
systems, as illustrated in FIG.1 A and FIG.1 B. By tiie ( 
use of such a convnon masked symtx^l structure, tfie 1 
system selection and switching are performed between 
the FDD system and TDD system. 
[0018] FIG.4 is a t^ock diagram illustrating a config- 
uration of a communication terminal apparatus accord-^, 
ing to the first embodiment of the present invention. In 
the radio communication apparatus, a received signal is 
received in radio reception circuit 402 through antenna , 
401. Radio reception circuit 402 executes predeter- 
mined radio reception processing on the received sig- 
nal. The received signals is despread in matched filter 
403. TTien, witti respect to a path of which a timing of a 
signal is detected in search circuit 404, the despread 
signal is sampled in sampling circuit 405. and dennodu- 
lated in demodulation drcurt 406 to be received data. 
[0019] In addition, search circuit 404 identifies a 
timing of the first search code, while detecting a 
received level of the first search code, in a cell search 
performed, for example, in an initial synchronization 
acquisition operation when the power is turned on. and 
in a cell switching acconpanied by a moving (hand- 
over). The received level is provided to memory circuit 

407 to be stored. The received level stored in memory 
drcuit 407 is provided to comparison selection circuit 

408 to be subjected to received level comparison. 
[0020] Comparison selection circuit 408 compares 
the received level of first search code to a threshold, 
and outputs a connection destir^on selection signal, 
indicative of switching to a system with the first search 
code of which the recaved level is higher than the 
threshold, to connection processing corrtrol circuit 409. 
Connection processing control circuit 409 execxites the 
control over the connection processing to the system to 
connect according to the connection destination selec- 
tion signal. Further, control circuit 410 controls radio 
reckon circuit 402. matched fitter 403, search circuit 
404 and memory circuit 407, con-esponding to the case 
where the respective signal in each system is received. 
[0021 ] The signal dennodulated in demodulation cir- 
cuit 406 is provided to comparison selection circuit 408 
to be used in the parameter calculation for tiie system 
selection. 

[0022] F1G.5 is a t>lock cfiagram illustratir^ a conf ig- 
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uration of a base station apparatus for performing a 
radio communication with the communication terminal 
apjMuatus according to the first enrtbodiment of the 
present invention. In this base station apparatus, a con- 
trol channel signal that is transmission data is subjected 
to the first modulation processing aich as quadrature 
modulation in modulation circuit 501, and then provided 
to spreading circuit 502 to be subjected to the spreading 
whh a predetermined spreading code therein. The thus 
modidated transmission signal is provided to radio 
transmission circuit 503 to be subjected to predeter- 
ironed racfio transmission processit^, and then trans- 
mitted through antenna 504. 

[0023] FIG.6 is a block diagram illustrating a 
detailed configuration of spreading circuit 502 in the 
above-descrflaed base station. In the apparatus, modu- 
lation dnaflt 501 modulates the contrdl channel signal, 
and mult^er 601 multiplies the modulated signal by a 
code obtained by muHiplying short code SCO by long 
code LCj beforehand in multiplier 602. 
[00241 In the resultant signal, the search code is 
multiplexed at a masked symbol position. The multiplex- 
ing of the search code is executed by a masking control 
signal. In other words, as the search code, first search 
code (FSC) for use in the detection of chip synchroniza- 
tion and reception timing and second search code 
(SSC) with the purpose of group identification are multi- 
plexed in multiplexer 604. and the resultant code is mul- 
tiplexed to the above-mentioned signal by switching in 
switch 603 accortfing to the masWng control signal. 
(0025] The next desaiption explains about the con- 
nection seteclion operation and switching operation 
between different systems in the racfio communication 
system fmwded with the commurwcation terminal appa- 
ratus with fte above-mentioned cortfiguration. 
[00261 The following description explains about the 
case where communication t^minal apparatus A illus- 
trated in F1G.7A is turned on. In this case, system 1 is 
the CDMAHDO system and system2 is the CDMA/FDD 
system. In addition, the frame structure in the FDD sys- 
tem is as illustrated FIG.2A. and that in the TDD system 
is as niustrated in FIG.2B. each having the common 
stmcture by containing the first search code. Base sta- 
tions 701 and 702 are each provided with the radio com- 
mufucation apparatus illustrated in FIG.5 and FIG.6, 
artti communication terminal apparatuses A and B are 
each provided with the communication terminal appara- 
tus aiustrated in FIG.4. 

[0027] Base station 701 transmits a signal in the 
FDD system illustrated in FIG.2A, and base station 702 
transntits a ^gnal in the TDD system illustrated din 
FIG5B. Base stations 702 and 702 each time-multi- 
plexes first search code FSC and s^xnd search code 
SSC at a position to be masked in ihe control channel 
signal that is transmission data. The first search code 
FSC and second search code SSC are multiplexed to 
the control channel signal, while being switched prop- 
erly by swrtch 603 corresponding to the masking control 


signal with a pulse waveform illustrated in FIG.6. 
[0028] In addition, the control channel signal is mul- 
tiplied by a code, obtained by multiplying short code 
SCO by long code LCj in multiplier 602. in multiplier 601 . 
5 The thus processed signal is subjected to the predeter- 
mined radio transmission processing in radio transmis- 
sion circuit 503, and then transmitted through antenna 
504. 

[0029] Communication terminal apparatus A 
10 receives signals with the common masked symbol 
structure from base stations 701 and 702. Since the 
respective signals from base stations 701 and 702 are 
signals containing the common masked symbol struc- 
ture, the signals can be subjected to the same f^ocess- 
15 ing in a cell search even when the signals are used m 
different systems. 

[0030] Communication terminal apparatus A first 
processes the signal in system 1 from base station 701 . 
In other words, the apparatus A switches the frequency 
20 to that for the TDD band, and then executes the timing 
detection using the first search code in matched filter 
402 and search code 404. Specifically, the apparatus A 
executes the despreading processing on a symbol 
spread only with the first search code common to each 
25 system (masked syntool). obtains the correlation value, 
and detects the position at which the highest conrelation 
value is obtained, thereby executing the reception tim- 
ing detectton. The apparatus A stores a quality, for 
example, a received level of the first search code 
30 obtained at the detected timing in memory circuit 407. 
[0031] The apparatus A next processes the signal 
in system 2 from base station 702. In other words, in the 
same way as the above-mentioned case, the apparatus 
A switches the frequency to that for the FDD band, exe- 
35 cutes the timing detection using the first search code in 
matched filter 402 and search code 404. and stores a 
received level of tiie first search code obtained at the 
detected timing in memory circuit 407. Further, the 
switehing between processing for the signal in system 1 
40 from base station l and that for tiie signal in system 2 
from base station 2 is executed in control circuit 410. 
[0032] In addition, the processing for the signal in 
system 1 from base station 701 is executed first in tiiis 
case, however it may be possible to first execute the 
45 processing on the signal in system 2 from base station 
702. and further possible to process signals from botii 
k>ase stations concunrently if there are not any problems 
in the hardware. 

[0033] The respective received levels of signals in 
50 respective systems stored in memory circuit 407 are 
compared in comparison selection circuit 408. Compar- 
ison selection circuit 408 selects the system in which 
the received signal level is higher tiian the other, and 
outputs the connection destination selection signal 
55 indicative of the connection to the system witii tiie 
high©- signal level to connection processing control ar- 

cuit409. . , 

[0034] For example, in communication terminal 
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apparatus A in the case illustrated in FIG.7A, since the 
apparatus A is present in an area of sy^em 1. under 
nomrtal propagation environments, the signal from base 
station 701 (system 1) (solid Gne) has a high level, and 
the signal from t>ase station 702 (system 2) (broken 
line) has a low level. Accordingly comparison selection 
circuit 408 selects system 1 in which the signal level is 
high as a connection destination system, and connec- 
tion processing to system 1 is executed in connection 
processing control circuit 409. 
[0035] The same processing as in the above-men- 
tioned case is executed when communication terminal 
apparatus B illustrated in FIG.7A is turned on. In other 
words, communication terminal apparatus B also 
receives signals with the common masked symbol 
structure from base stations 701 and 702. Then, in the 
same way as in the case of communication terminal 
apparatus A, the apparatus B executes the respective 
processing on signals from base stations 701 and 702, 
and stores the respective received levels of first search 
codes In respective systems in memory circuit 407. 
Comparison selection circuit 408 selects the system in 
which the received signal level is higher than the other, 
and outputs the connection destination selection signal 
indicative of the connection to the system with the 
higher signal level to connection processing control cir- 
cuit 409. 

[0036] For example, in communication terminal 
apparatus B in the case illustrated in FIG.7A, since the 
apparatus B is present in an area of system 2. urder 
normal propagation environments, the signal from base 
station 702 (system 2) (solid One) has a high level, and 
the signal from base station 701 (system 1) (broken 
line) has a low level. Accordingly comparison selection 
circuit 408 selects system 2 in which tiie signal level is 
high as a cpnnection destination system, and connec- 
tion processing to system 2 is executed in connection 
processing control circuit 409. 
[0037] TTie next description explains about the case 
where communication terminal a|:^>aratus A illustrated 
in FIG. 78 or FIG.7C performs a harxi-over (HO) from 
system 1 to system 2. 

[0038] Base station 701 transmits the signal in the 
TDD system illustrated in FIG.2A. and base station 702 
transmits the signal in the FDD system illustrated in 
FIG.2B. Base stations 701 and 702 each time-multi- 
plexes first search code FSC and second short code 
SSC at a position to be masked in the control channel 
signal that is transmission data. The first search code 
FSC ard second search code SSC are multiplexed to 
the corrtrol channel signal as masking, while being 
switched properly by switch 603 corresponding to the 
masking control signal with the pulse waveform illus- 
trated in FIG.6. 

[0039] In addition, the control channel signal is mul- 
tiplied by a code, obtained by multiplying short code 
SCO by long code LCj in multiplier 602. in multiplier 601 . 
The thus frame-constructed signal is subjected to the 


predetermined radio transmission processing in radio 
transmission circuit 503. ard then transmitted through 
antenna 504. 

[0040] Communication terminal apparatus A com- 

5 municates witii base station 701 in system 1 (X area in t 
FIG.8). As the comnujnication terminal apparatus A 
comes close to the area of system 2. the received level 
of the first search code in the downlink control channel 
from base station 701 becomes lower. Then, vyhen the 

10 received level in system 1 is decreased than threshokj 
1 . while the received level in system 2 is increased over 
threshold 2. the apparatus A is in a hand-over state (Y 
area in FIG.8), and starts communicating also with base . 
station 702 in system 2. Specifically, the apparsttus A 

15 receives the signal with the common masked symbol 
structure also from base station 702. and executes ini- 
tial connection processing to base station 702. Since 
the signals from base stations 701 and 702 are signals 
with the common masked symbol structure, it is possi- 

20 ble to execute the same processing on the signals in the 
cell search even when the signals are used in different, 
systems. - , - ^ . 

[0041 ] When the received level in system 2 exceeds 
threshold 1 , and the received level in system 1 becomes 

25 lower than threshold 2. the apparatus A discontinues 
the connection with system 1 . and connects only with 
system 2 to communicate witii base station 702 (Z area 
in FIG.8). It is possit>le to connect to a different system . 
also in tiits case. 

30 [0042] AS described above, in this embodiment by 
the use of s^nals with the common masked synr£>ol 
structure in different syst^ns, it is possble to detect the 
connection destination automatically between different 
systems (FDD/TDD). 

35 

(Second embodiment) 

[0043] The second emtxxJiment explains about the 
case where a received level in either system is first . 

40 measured among different systems to decide using a 
threshold whether or not a connection to the system is 
possible, and only when the received level is tower than 
the threshokJ, a received level in another system is 
measured to connect. 

45 [0044] Communication terminal a|:^3aratus A 
receives signals with the common masked symbol 
structure respectively from base stations 701 and 702. 
and first processes the signal in system 1 from base sta- 
tion 701 . In other words, the apparatus A executes tim- 

50 ing detection with the first search code in matched filter 
402 and search circuit 404. Specifically, the apparatus A 
executes despreading processing on a symbol spread 
only witii the first search code which is canmon to each 
system (nrasked symtx)l). obtains the correlation value. 

55 and detects a position for the highest correlation value, 
thereby executes the timing detection. 
[0045] Then, the apparatus executes a decision on 
the received level of the first search code at the 


5 

.1009183A1J_> 


EP1 009183 A1 


10 


10 


15 


20 


detected timing using the threshold. When the detected 
received level exceeds the threshold, communication 
terminal apparatus A provides a connection destination 
selection signal indicative of the connection to system 1 
to connection processing control circuit 409 to execute 
the connection processing to system 1 . 
[00461 On the other hand, when the afcK>ve-men- 
tioned received level is lower than the threshold, com- 
munication terminal apparatus A processes the signal 
wim the common masked symbol structure in system 2 
from l>ase station 702. In other words, in the same way 
as in the above-mentioned case, the apparatus A exe- 
cutes the timing detection with the first search code in 
matched filter 402 and search code 404. and stores the 
received level of the first search code at the detected 
timing in memory drcurt 407. In addition, control arcuit 
410 executes the switching between the processing for 
the signal in system 1 from base station 701 and that for 
the signal in system 2 from base station 702. 
10047] Then, the apparatus A executes the decision 
on the received level of the first search code at the 
detected timing using the threshold in the same way as 
in the above-mentioned case. When the detected 
received level exceeds the threshold, communication 
terminal apparatus A provides a connection destination 
selection signal indicative of the connection to system 2 
to connection processing control circuit 409 to execute 
the connection processing to system 2. 
[00481 As described above, since the received level 
in either system is first measured to decide using the 
threshold whether or not a connection to the system is 
possible, and only when the received level is lower than 
the threshold, the received signal in another system is 
measured to connect, the comparison processing 
between received levels is not necessary, ar^ it is pos- 
sible to execute the connection processing to an optimal 
system promptly. . . 

[00491 in addition, in this embodiment, Itie signal in 
system l from base station 701 is f irst processed, how- 
ever rt may be possible to first process the signal in sys- 
tem 2 from base station 702. 

(Third embodiment) 

[0050] This embodiment explains about the case 
where when a communication terminal decides a con- 
nection and switching, the terminal uses other parame- 
ter such as required transmit power wHh a propagation 
loss and interference amount taken into consideration. 
besWes the received level of the first search code. 
These parameters are calculated using broadcast infor- 
mation {such as a base station transmrt level and inter- 
ference level in a base station) obtained by executing all 
a series of initial synchronization processing using a 
second search code besides the first search code and 
decoding data in a perch chann^ and broadcast chan- 
n^. It is thus possible to select a system enabling the 
connection in the smallest output and a system with low 


congestion. 

[0051] Communication terminal apparatus A 
receives signals with the common masked symbol 
structure from base stations 701 and 702. Since the 
respective signals from base stations 701 and 702 are 
signals containing the common masked symbol struc- 
ture, the signals can be subjected to the same process-, 
ing in a ceil search even when the signals are used in 

different systems. 

[0052] In the same way as in the first embodiment, 
communication terminal apparatus A processes the sig- 
nal in system 1 from base station 701 and that in system 
2 from base station 702. Then, the apparatus A stores 
respective received levels of first search codes at 
respectively detected timings in memory circuit 407. 
[0053] The apparatus A next limits long code candi- 
dates to search using the second search code, and 
specifies the long code specific to a cell from the long 
code candidates. After the apparatus A thus executes 
the series of initial synchronization fvocessing. the 
apparatus A decodes the data in the perch channel and 
broadcast channel. It is thereby possible to calcUate the 
propagation loss and interference amount using the 
information broadcast in the broadcast channel such as 
the base station transmit level and interference level in 
the base station, and to obtain the required transit 
power with the obtained results taken into considera- 
tion. , . , . 
[0054] Specifically, the broadcast channel signal is 
subjected to the radio reception processing in radio 
reception drcurt 402, then despread in matched filt^- 
403. while being sampled in sampling drcurt 405 witti 
respect to a path of which a timing of a signal Is 
detected in search drcuit 404. and demodulated m 
demodulation circuit 406 to be control agnal data. The 
control signal data is sul)iected to calculation process- 
ing in a calculation section which is not shown in the fig- 
ure, thereby obtaining the required transmit power with 
the propagation loss and interference amount taken into 
consideration. The obtained required transntit power is 
provided to comparison selection drcuit 408. The above 
processing is executed for each of base stations 701 
and 702. 

[0055] Corrparison selection circurt 408 compares 
tiie received leve* in system 1 to tiiat in system 2, both 
stored in memory drcurt 407. while comparing tine 
required transmrt power to each of base stations of 701 
and 702 to select Further, comparison selection circuit 
408 selects a system desirable as a connection destina- 
tion considering the received level and tiie required 
transmrt power, and notifies tiie obtained resurt to con- 
nectton processing contrd drcurt 409. tiiereby execut- 
ing the connection processing to tiie selected system. 
[0056] As described above, in ttiis embodiment, 
^nce the communication terminal apparatus uses, for 
exanple. required transmrt power wrth the propagation 
loss and interference amount taken into consideration 
besides tiie received level of first search code, in dead- 
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ing on the connection or switching, it is posstole for the 
convnunication terminal apparatus to select the corv 
nection destination more exactly. Further, it Is tha^eby 
possible to select the system enabling the connection in 
the smallest output and the system with low congestion. 
[0057] This embodiment explains about the case 
where the communication terminal apparatus uses, for 
example, the required transmit power with the prc^ga- 
tion loss and interference amount (congestion degree In 
a system) taken into consideration besides the received 
level of first searcti code, deciding on the connection or 
switching, however it may be also possil^le to apply the 
present invention to the case where the communication 
terminal apparatus decides a system to connect by con- 
sidering, in addition to the above-mentioned parame- 
ters, communication contents In the system such as 
services for speech communications, low-rate/high-rate 
packet communications and data communications, and 
a hand-over frequency due to a moving speed of the 
communication terminal apparatus. 
[0058] In particular, by considering the handler 
frequency and service contents when the communica- 
tion terminal apparatus decides the system to connect. 
It is possible to avoid the connection to a system In 
which a received level t>ecomes high suddenly, thus 
enabling the communication apparatus to select the 
optimal connection destination even in moving. 

(Fourth emtKXtiment) 

[0059] This embodiment explains about the case 
where a communication terminal apparatus requests a 
desiring communication service to a base station In a 
system to which the comnnunication terminal apparatus 
requests a connection, while reporting information such 
as received level information and the congestion degree 
In another system which are measured by the appara- 
tus to the base station, and teased on the infonmation 
from tiie communication af^ratus. the base station 
decides the condition of the system the base station 
directs, and Introduce a system to be connected to the 
communication terminal apparatus. 
[0060] Communication terminal apparatus A 
receives signals with the common masked symtx)l 
structure from t>ase stations 701 and 702, and in the 
same way as in the first erhbodiment, processes the sig- 
nal in system 1 from t>ase station 701 . Next, in the same 
way as In the third emtxxiiment. the apparatus A lirrtits 
long code candidates to search using the second 
search code, and specifies the long code specific to a 
cell from the long code candidates. After the apparatus 
A thus executes the series of initial synchronization 
processing, tiie apparatus A decodes the data in the 
perch channel and broadcast channel to obtain informa- 
tion such as the congestion degree in system 1 from 
information broadcast in tiie broadcast chann^. The 
apparatus A executes the same processing in system 2 
as in systan 1 to (Main the information such as the con- 


gestion degree in system 2. 

[0061] The communication terminal apparatus A 
notifies base station 701 to which a connection is 
requested of the infonmation such as the congestion 

5 degrees in systems 1 and 2. Base station 701 judges 
the condition of system 1 the base station directs based 
on the information such as the congestion degrees 
reported from communication terminal apparatus A. For 
the judgement at this point, the base station can use. for 

10 example, a threshold-dedston for the parameters such 
as the congestion degree reported from communication 
terminal apparatus A. 

[0062] When base station 701 judges tfet it diffi- 
cult to accomnnodate communication terminal appeua- 

15 tus A In system 1, base station 701 detects another 
system which can acconrvnodate communication termi- 
nal af^ratus A at present For example, base station 
701 communicates with base station 702 In system 2 
which ts reported from comnr&jnication terminal appara- 

20 tus A to request base station 702 to examine whether ^ 
base station 702 can accommodate communication ter- 
minal apparatus A. When the results shows that It is 
possible to accommodate corrununication terminal 
apparatus A In system 2. base station 701 notifies 

25 (introduces) system 2 as a connection destination to 
communication terminal apparatus of system 2. 
[0063] Communication terminal apparatus A next 
executes the connection processing to syst&n 2. 
[0064] In addition, tiie atxive-mentioned connection 

30 processing Is the same as In both cases of initial con- 
nection processing and hand-over processing. 
[0065] According to this embodiment, since a base 
station judges the corKlition of the system the l>ase sta- 
tion directs and Introduces a system to be connected 

35 based on infornnation reported from a communication 
terminal apparatus to the apparatus, the conmunication 
terminal apparatus can find promptiy a system capable 
of accommodating the apparatus at that time, and con- 
nects to the system prornptiy 

40 [0066] This ^ntxxiiment explains tiie case where a 
t^e station introduces another system capat>le of 
accommodating a communication termiricil apparatus to 
the communication terminal apparatus, however, in the 
present Invention. H may be also possible that the base 

45 station introduces a plural ity of systems each capable of 
accommodating a communication terminal apparatus to 
the communication terminal apparatus, and the commu- 
nication terrrdnal apparatus executes the processing 
described in the first to third emtxxiiments for the plural- 

50 ity of systems to select a system to connect. 

(Fifth embodiment) 

[0067] This embodiment explains the case where 
55 different systems are a put>lic system and a private sys- 
tem. Rrst, the following description explains the case 
where communication terminal apparatus A illustrated 
in FIG.7A is turned on. In this case, system 1 Is the pri- 
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vate system in the CDMA/TDD system and system 2 is 
the public system in the CDM/VrDD system. In addi- 
tion the frame structure in the public system b as illus- 
trated in FIG.2B. and that in the private system is as 
illustrated in FIG.2B. each having the common struc^re 5 
by containing the f iist search code. In acW*or^ rt « 
assumed in this case that first search codes SCO to SC3 
are known in the public and private systems. 
[00681 Base stations 701 and 702 are each pro- 
vided with the radio communication apparatus illus- to 
irated in FIQ.5 and FIG.6. and communication temnnal 
25!atuses A and B are each provided with ttje com- 
niirtcation terminal apparatuses illustrated 'nFIQ.4 _ 
f00691 Base station 701 transmits respective sig- 
nals fir systems 1-1 to 1-3 in the TDD system illustrated 15 

in FIG 2C. and base station 702 transmits a signal in the 
TDD system illushated in FIG.2B. Base ftatons 701 
and 702 each time-multiplexes first search code FSC 
and second search code BSC at a position to be 
masked in the control channel signal ihat IS transmis- 20 
ston data. The first search code FSC and second 
search code BSC are muHiplexed to the control channel 
signal, while being switched properly by switch 603 cor- 
riponding to the masking control signal wrth a pulse ^ 
wavelonn illustrated in FIQ.6. „„,te„„i 
[00701 m addition, the control channel signal IS mul- 
tiplied by a code, obtained by multiplyino short <»de 
SCO by long code LQ in multiplier 602. m multplier 601 . 
Thethusframe-stnictured signal is subjected to the pre- 
determined radio transmission processing in radio so 
transmission circuit 503. and then transmitted through 

antenna 504. ». „ a 

100711 Communication temiinal apparatus a 
receives signals with the common masked symlwl 
'^eSTbase stations 7^1 and 702J-B «;e as 
respective signals from base ^^'^JV^^^^. 
signals containing the common masked syn*»!5uc 
Je and the first search code in each signal is known, 
the Signals can be subjected to the same proc^g m 
a cell search even when the signals are used in different 4o 

l^m^ Communication tenninal apparatus A exe- 
cutes timing detection on the respective signals in sys- 
tems 1 and 2 respectively from both base stations 701 
and 702. and stores qualities, for example, received lev- 45 

els of the f iist search codes obtained at the detected 
timings in memory circuit 407. in the same way as m the 
f irst embodiment 

roOTSl "Hne received levels of signals in respective 
systems stored in memory circuit 407 are compared in so 
Mmparison selection circuit 408. Comparison sd«Aion 
circuit 408 selects a system wfth a higher received level 
and outputs a connection destination selection sigral 
indicative of the connection to the system with the 
higher received level to connection processing control ss 
circuit 409 to execute the connection processing to the 
selected system. . ^.^..^ 

[00741 In addition, in the same way as in the first 


eiT*odiment. when communication terminal apparatus 
B illustrated in FIG.7A is turned on. the same preced- 
ing in the above-mentioned case is executed. Further, 
as illustrated in FIG.7B or FIG.7C. the same proc^nS 
in the first embodiment is executed in the case where 
communication terminal apparatus A performs a hand- 
over (HQ) from system 1 (private system) to system 2 
(public system). -..v, 
[00751 As described above, in this embodimerrtjby 
!he use of signals wfth the common ."f^ted symb^ 
structure in different systems, it is possible to deted*e 

connection destination automatically between different „ 
systems (private system and public system). , 
[00761 in addition, it may be possible to prepare flie 
same first search code in the private system as that m 
the pubBc system, and identify the P^^te °r Pubjc sys^ 
tem. and the private system for the termirjalappam^ 
by the processing using the second se^ch ood^Hw- 

e^er.bysettingdifferentfirstsearchcodestSCItoS^) 
in the private systems for each system as in this embod- 
iment, it is possible for a communication terminal appa- 
ratus to Uentify the system for the apparatus eas.Jron^ 
by the first search code even in Ihe case where the pn- 
vale systems coexist in the same frequen^r t^«dju^ 
ther.by preparing tens to hundredstypes of firatse^ 

codes for private systems, it is P<»sible for a 
tion in each system to set a first search code at random 
as the first search code for the system the base stahon 
directs in the seK-control.andfurtherposs.blefora^ 
station in each private system to detect a re«5e|ved l«^ 
of the first search code, find out a first search code tf^ 
is not used in the peripheral, arid use the foui^ f 
search code as the first search code for the system the 
base station cfirecls. 


(Sixth embodiment) 

100771 This embodiment explains about the case 
where a received level in a private system is f irst meas- 
ured among different systems to decide ifiing a thr^ 
old whether or not a connection to the system is 
possible, and only when the received level is lo«^ th^ 
ilelhreshold. a received level in a public system b 

measured to conned. 

[00781 Communication temunal apparatus A 
receives signals with the common ^ 
structure respectively from base ^^^J^^J^ 1°^ 
and first processes the signal in the pnvate systern from 
base station 701 . In other words, the apparatus A exe- 
cutes timing detection with the first sear* code in 
itched filter 402 and search circuit 404. Speaf ically. 
the apparatus A executes despreading P«x^"9 
symbol spread only wfth the 'i^st ^eart* code^^ 
<iZon to each system (masked symbol). ot^rB tt« 
correlation value, and detects a posrtion for thejughest 
correlationvalue. thereby executes thetimingd^e^orL 

[00791 Then, the apparatus A executes a decBion 
on the received level of the first search code at the 
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detected timing using the threshold. When the detected 
received level exceeds the threshold, communication 
terminal apparatus A provides a connection destir^tion 
selection signal indicative of the connection to the pri- 
vate system to connection processing corttrol circuit 409 5 
to execute the connection processing to the private sys- 
tem. 

[0080] On the other hand, when the above-men- 
tioned received level is lower than the threshold, com- 
munication terminal apparatus A processes the signal 10 
with the common masked symbol structure from t^ase 
station 702. In other words, in the same way as in the 
atx3ve-mentioned case, the apparatus A executes the 
timing detection with the first search code in matched fil- 
ter 402 and search code 404, and stores the received is 
level of the first search code at the detected timing in 
memory circuit 407. In addition, control circuit 410 exe- 
cutes the switching between the processing for the sig- 
nal in the private system from base station 701 and that 
for the signal in the public system from t>ase station 702. 20 
[0081 ] Then, the apparatus A executes the decision 
on the received level of the first search code at the 
detected timing using the threshold. When the detected 
received level exceeds the threshold, conrununication 
tenninal apparatus A provides a connection destination 25 
selection signal indicative of the connection to the public 
system to connection processing control circuit 409 to 
execute the connection processing to the public system. 
[0082] As deserved above, since the received level 
in either system is first measured to decide using the 30 
threshold whettier or not a connection to the system is 
possible, and only when the received level is lower than 
the threshold, the received signal in another system is 
measured, so as to select a system corresponding to 
communication conditions and propagation environ- 3S 
ments and connect to the system by switching between 
systems, the comparison processirtg between received 
levels is not necessary, and it is possSsle to execute the 
connection processing to an optimal system promptly. 
[0083] In addition, in this emtxxliment. the signal in 40 
the private system from base station 701 Is first proc- 
essed, however it may be poss^e to first process the 
signal in the public system from base station 702. 
[0084] In the private and piMc systems in above- 
mentioned fifth and sixth embodments. by making the 45 
physical layer structures concerning the initial synchro- 
nization executed using second search code common 
or almost equal as much as possible in the private and 
pul^ic systems, it is posstt>le to for an apparatus to have 
a common circuit to both systems, thereby enabling the so 
apparatus to be simplified. 

[0085] In the private and public systenrre in above- 
mentioned fifth and sixtii embodiments, as described in 
the tiiird embodiment, it may be posstole for tiie commu- 
nication terminal apparatus to use the required transmit ss 
power with the propagation loss arrl interference 
amount taken into consideration besides the received 
level of first search code, deciding on the connection or 
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stAntching. Further, as descrbed in the fourth embodi- 
ment, it may be possQsle that the communication termi- 
nal apparatus requires desired communication services 
to a system to which the apparatus request a connec- 
tion, while reporting information such as received level 
information and the congestion degrees In other sys- J . 
terns which are measured by the apparatus to a base 
Nation, and the base station judges the condition of the 
system tiie t>ase station directs and introduces a system 
to be connected to the ap^^aratus tsased on information 
reported from the communication terntina] apparatus. 
[0086] The atx)ve-mentic»ied first to sixth emt>odi- 
ments expleun the case where first search code. FSC . 
and second search code SSC are multiplexed at a posi-, 
tion to be masked in the control cfiannel signal to multi- 
plex to the control chann^ signal, however it may 
possible to apply the present invention to the case 
wrhere first search code FSC and second seeu-ch code 
SSC are not multiplexed, and each is multiplexed time- 
separately to tiie control channel signal. 
[0087] The above-mentioned first to sixth emtxxli- 
ments explain the case where short code SCO and long ^ . 

code LCj are nujttiplied beforeharxJ. and then multiplied ; 
by the control channel signal, however it may be possi- 
ble to apply the presertt invention to the case where long .\ 
code LCj is not multiplied by the control channel signal | 
t)eforehand. ^ 
[0088] In addition, it may be possS)le in tiie above- 
mentioned first to sixth embodiments to use as a thresh- 
old a different level for each system. In this case, it may ^ 
be possible that the threshdd ^ set or stored before- ^ 
hand for each system, that the threshold is reported ^ 
from a t>ase station In each system, and that the thresh- , ^ 

old is calculated in a communication terminal apparatus ^ ' 

based on information from a base station. 
[0089] Further, since a minimum received level 
required to connection to a system and a received level 
measured to detect a hand-over destination in the con- 
nection are usually different, it may be possit)le to pre- 
pare a plurality of types of threshokte corresponding to 
respective received levels or pr(x;essing in different 
cases, ft is thereby possftile to execute an aii^opriate 
decision using the tiireshokJ corresponding to respec- 
tive received levels or processing, enabling the opting 
connec^on processing. Furthermore, it may be possible 
to simplify the processing by not measuring a received 
level in anoth^ system when the received level in a sys- 
tem is higher than the tfireshold. Also in tNs case, it may 
be possble that the threshold is set or stored before- 
hand for each system, thiat the threshold is reported 
from a base station in each system, and that the thresh- 
old is calculated in a communication terminal apparatus 
based on information from a bose station. 
[0090] As explained at>ove. since the radio commu- 
nication apparatus and radio communication method of 
the present invention use signals witii the common 
masked symtx>l structure, it \s possit^le therein to auto- 
matically detect or switch a connection d^natioa ft is 


17 


EP1 009 183 A1 


18 


10 


IS 


20 


thereby possible to use a system which is as small as 
possible (cell radius, i.e.. low transmission power is pos- 
sible) and a system with vacancies. Further, since rt is 
possible to accommodate a communication terminal 
apparatus efficiently in both senses of area and fre- 
quency, it is possible to improve the spectral eff laency. 
Furthermore, it is possible to reduce power consump- 
tion of the communication terminal apparatus, thereby 
enabling the apparatus to be used longer. 
[00911 The presert invention is not limited to the 
above desaibed embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. 
100921 This application is based on the Japanese 
Patent Application No. HEI1 0-348283 filed on Decerriber 
8. 1998, entire content of which is expressly incorpo- 
rated by reference herein. 

Claims 

1 . A communication terminal apparatus comprising: 

a reception section(402.403.404) which 
receives a signal with a structure having at 
least one first search code in a unit frame from 
a communication partner in each of at least two 
different systems; 

a selection section{408) which compares a 
respective quality of said signal with the struc- 
ture received from the communication partner 
in each of said at least two different systems to 
each other, and based on a compared result 
selects the communication partner to connect; 
and 

a connection seGtion(409) which executes con- 
nection processing to a selected comnrwrnca- 
tion partner. 

2. A communication terminal apparatus comprising: 

a reception section(402,403.404) which 
receives a signal with a structure having at 
least one first search code in a unit frame from 
a specific communication partner; 
a decision section which executes a decision 
on a quality of said signal wHh the structure 
received from said specific comnwnication 
partner using a threshold; and 
a connection section(409) which executes con- 
nection processing to said specif ic communica- 
tion partner only in the case where said quality 
exceeds a predetermined threshold. 

3. The communication terminal apparatus according 
to claim 1 . further comprising: 

a synchronization processing section v^rtiich 
executes synchronization processing using a 


second search code; and 
a decoding section which decodes information 
concerning transmission provided from the 
communication partner using a broadcast 
channel signal, 

wherein said quality includes decoded informa- 
tion concerning transmission. 

I. The communication terminal apparatus according 
to daim 1 . further comprising: 

a measuring section which measures a 
received quality from the communication part- :, 
ner in each of said at least two different sys- 
tems; and 

a notification section which notifies a specific 
communication partner of information on sad 
recaved quality. . 
wherein said connection section executes the 
connection processing to a connection destina- 
tion according to information on said connec- 
tion destination selected by saki specific 
communication partner based on said received 
quality notified from said apparatus. 

5. A base station apparatus comprising: 

a frame constructing section which executes 
cwistruction of a structure of a frame having at 
least one first search code in a unrt frame; and 
a transmission section which transmits a signal 
wttii said structure. 

6. The base station apparatus according to daim 5. 
furtiier comprising: 

a judging section which judges based on infor- 
mation on a received quality measured by a 
communication partner whether or not a sys- 
tem sad apparatus directs is cap^e of 
accommodating said communication partner; 
a detection section which when sad system te 
not capable of accommodating said communi- 
cation partner, detects anottier system capable 
of accommodating said communication part- 
ner; and 

a notification sectton which notifies sad com- 
munication partner of a detected result. 

so 7. A radio communication method comprising tiie 
steps of: 

rec«ving a signal with a structure having at 
least one f irst search code in a unit frame from 
55 a communication partner in each of at least two 

different systems; . 
comparing a respective quality of sad signal 
with the structure received from the communi- 
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cation partner in each of said at least two differ- 
ent systems to each other, and based on a 
compared result, selectir^ the communication 
partner to connect; and 

executing connection processing to a selected s 
communication partner. 

8. A radio communication method comprising the 
steps of: 

10 

receiving a signal with a structure having at' 
least one first search code in a unit frame from 
a specific communication partner; 
executing a decision on a quaOty cff said signal 
with the structure received from said specific is 
communication partner using a threshold; and 
executing connection processing to said spe- 
cific communication partner only in the case 
where said quality exceeds a predetermined 
threshold. 20 

9. The radio communication method according to 
claim 7, further conprising the steps of: 

executing synchronization processing using a 
second search code; and 
decoding information concerning transmission 
from the communication partner provided 
using a broadcast chann^ signal, 
wherein said quality includes decoded infbnma- 
tion concerning transmission. 

10. The radio communication method according to 
daim 7, further comprising the steps of: 

measuring a received quality from the commu- 
nication partner in each of said at least two dif- 
ferent systems; and 

notifying a specific communication partner of 
information on said received quality, 
wherein the connection processing Is executed 
to a connection destination according to infor- 
mation on said connection destination selected 
by said specific communication partner based 
on said received quality notified from said 
apparatus. 

11. The radio conrununication method corrrprising the 
steps of: 

so 

executing consti^uction of a structure of a frame 
having at least one first search code in a unit 
frame: and 

transmitting a signal with said structure. 

55 

12. The radio communication method according to 
claim 1 1 . further comprising: 


judging based on information on a received 
quality measured by a communication partner 
whether or not a system is capable of accom- 
modating said communication partner; 
detecting when said system is not capable of 
accommodating said communication partner, 
detects another system capable of accommo- 
dating said communication partner; arvi 
notifying said communication partner of a 
detected result. 
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